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Cloth simulation is an important part of computer animation. It is widely used in 
film, television, games, and the textile industry. Cloth simulation is committed to 
simulate the movement of real cloth deformation effects, and the research covers 
computer science, physics, mathematics, and art design disciplines. The cloth has 
delicate geometric modeling and complex physical characteristics, which causes the 
cloth simulation become as the most challenging research topic in the area of 
Computer Graphics. 
There have been numerous studies of dynamic Cloth Simulation, however, the 
stability of building stable cloth system in the explicit integration framework. In this 
paper, a cloth simulation algorithm based on position constraints has been proposed 
with the theory of kinetic constraints. The algorithm does not involve calculating the 
internal forces during the entire calculation process; it achieves updating particle 
positions with directly moving the particle. The main work in this paper as follow: 
Firstly, this paper presents a comprehensive detailed introduction of fabric 
physical modeling, numerical integration methods and collision detection technology. 
Then, this paper describes the cloth simulation algorithm based on position 
constraint. The main innovation of the algorithm is to improve the traditional particle 
- spring model, remove the spring internal forces in the model: (1) Remove the effect 
of the structure spring, define the location of the distance between two particles 
adjacent as structural constraints; (2) Cancel the force of the bending spring, and 
define the dihedral between the adjacent triangular faces as bending constraint; (3) 
Define the fabric collision as the location constraint which between the particle and 
the collision surface, and realize collision response with projection constraint. In 
every calculation, the particle position witch driven by external force in the next 
moment with explicit calculation, and solve the constraint equation with the predicted 
position, then iterative updating the particle position which meets the constraints. And 
















Finally, this paper presents the algorithm simulation results and analysis. It is 
improved by experiment that the sports deformation and slitting of cloth could both be 
stably simulated with this algorithm. 
 


















1.1 研究背景及意义 ............................................ 1 
1.2 国内外研究现状综述 ........................................ 3 
1.3 本文的内容与结构安排 ...................................... 6 
第二章布料物理建模研究 ......................................... 8 
2.1 连续体模型研究 ............................................. 8 
2.1.1 连续体模型的物理特性...................................................................... 8 
2.1.2 有限元数值计算过程......................................................................... 10 




2.3 两类模型分析比较 .......................................... 17 
2.4 本章小结 .................................................. 19 
第三章数值计算方法研究 ........................................ 20 
3.1 数值计算概念 .............................................. 20 
3.2 显式 Eluer 积分法 .......................................... 21 
3.3 隐式 Euler 积分法 .......................................... 22 
3.4 四阶 Runge-Kutta 积分法 .................................... 23 
3.5Verlet 积分法 ............................................... 25 
3.6 显示积分方法稳定性比较研究 ................................ 26 
3.7 本章小结 .................................................. 27 
第四章基于位置约束的布料动态模拟算法研究 ................... 28 

















4.2 位置约束算法研究 .......................................... 29 
4.2.1 本文中的布料模型阐述..................................................................... 30 
4.2.2 算法描述............................................................................................. 31 




4.4 约束求解 .................................................. 37 
4.5 撕裂处理 .................................................. 40 






4.7 本章小结 .................................................. 47 
第五章碰撞处理方法研究 ........................................ 48 
5.1 碰撞处理概述 .............................................. 48 
5.2 碰撞检测方法研究 .......................................... 49 
5.2.1 层次包围体概念................................................................................. 49 
5.2.2AABB 包围体 ..................................................................................... 51 
5.2.3 层次包围体二叉树建立..................................................................... 51 
5.3 碰撞响应方法研究 .......................................... 53 
5.4 算法实现 .................................................. 54 
5.4.1 自由落体碰撞实验............................................................................. 54 
5.4.2 面外穿透实验..................................................................................... 55 
















6.1 总结 ...................................................... 57 
6.2 展望 ...................................................... 57 
参考文献 ........................................................ 58 
致谢  ............................................................ 62 

















Chapter 1 Introduction ............................................ 1 
1.1 Research Background ........................................ 1 
1.2 Research Status ............................................. 3 
1.3 Contents and Structure ....................................... 6 
Chapter 2Research ofCloth Physical Modeling ..................... 8 
2.1Research ofContinuum Model .................................. 8 
2.1.1 Physical Characteristics of Continuum Model ..................................... 8 
2.1.2Finite Element Method Process ........................................................... 10 
2.2Research of Discrete Model ................................... 11 
2.2.1 Particle Model ..................................................................................... 12 
2.2.2 Particle-Spring Model ......................................................................... 14 
2.2.3 Particle-Spring Model Mechanical Analysis ...................................... 15 
2.3 Analysis and Comparison of Models ........................... 17 
2.4 Summary ................................................. 19 
Chapter 3Research ofNumerical Calculation ...................... 20 
3.1 Numerical Concepts ......................................... 20 
3.2 Explicit Eluer Integration .................................... 21 
3.3 Implicit Euler Integration .................................... 22 
3.4 Four Order Runge-Kutta Integration .......................... 23 
3.5Verlet Integration ........................................... 25 
3.6Research and CompareStability of Explicit Integration ............ 26 
3.7 Summary ................................................. 27 
Chapter 4Research ofDynamic Cloth Simulation Algorithm Based 
on Position Constraint Method ................................... 28 















4.1.1 Constraints Concepts .......................................................................... 28 
4.1.2Constraints Kinetic Equation ............................................................... 28 
4.2Research of Position Constaint Algorithm ....................... 29 
4.2.1Coth Model .......................................................................................... 30 
4.2.2Algorithm Description ......................................................................... 31 
4.3Constraint Definitions ....................................... 34 
4.2.1Structural ConstraintsDefinitions......................................................... 35 
4.2.2Bending ConstraintsDefinitions ........................................................... 35 
4.2.3Collision ConstraintsDefinitions .......................................................... 36 
4.4Constraint Solving .......................................... 37 
4.5Tearing Solving ............................................. 40 
4.6 Algorithm Implementation ................................... 41 
4.6.1Hardware and Software Environment .................................................. 41 
4.6.2Experimental Procedure and Key Code ............................................... 42 
4.6.3Curtain Simulation ............................................................................... 45 
4.6.4Tearing Simulation ............................................................................... 45 
4.6.5Experimental Analysis ......................................................................... 46 
4.7Summary .................................................. 47 
Chapter 5Research of Collision Handling Method ................. 48 
5.1Collision Processing Overview ................................. 48 
5.2Research of Collision Detection ................................ 49 
5.2.1Bounding Volume Hierarchy ............................................................... 49 
5.2.2AABB Bounding Volume .................................................................... 51 
5.2.3Binary Treeof Bounding Volume Hierarchy Buliding ......................... 51 
5.3Research of Collision Response ................................ 53 
5.4Algorithm Implementation ................................... 54 
5.4.1Collision of Free-Falling Simulation ................................................... 54 


























































































服装设计软件的出现完全改变了传统服装设计的过程。如韩国 CLO Virtual 
Fashion 公司的 CLO 3D 服装设计软件，便能够极大方便服装设计师的工作。服
装设计师只要设计出服装的 2D衣片，就能由计算机生成缝合后服装的 3D模型，
并能够模拟出模特的穿着效果，如图 1.1 所示。 
 
 




























































表 1-1 建模方法分类及经典代表 
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